SUMMARY We investigated the effect of the composition of the storage container, Holder pasteurisation, and conditions during tube feeding on the concentration of selected vitamins in human milk. Though the fat soluble vitamins A, D, and E were not affected, the concentration of several water soluble vitamins decreased. The lower vitamin C concentration of milk stored in polypropylene containers compared with milk stored in glass containers (29%) was not significant. Holder pasteurisation significantly lowered the concentrations of vitamins C (36%), folacin (31%), and B6 (15%). Tube feeding significantly lowered the concentrations of vitamins C (44%) and B6 (19%), and exposure to phototherapy seemed to lower the vitamin C concentration (53%) further.
The vitamin concentration of human milk may not satisfy the requirements of the preterm baby.' This problem could be aggravated if vitamin losses occur during pasteurisation and storage of the milk.
Vitamin losses due to these factors have been extensively studied in cows' milk2 but have received little attention in human milk. ' 3 Further losses could occur during feeding due to exposure of the milk to light-for example, phototherapy-and by adsorption of vitamins to the walls of the containers and the tubing of the feeding system. These factors do influence the concentration of vitamins B2 and B64 and A, D, and E5 of parenteral solutions. In human milk only the losses of vitamins B2 and A during feeding have been studied.6 7 We therefore studied the influence of pasteurisation, composition of the storage container, and conditions during tube feeding on the concentration of selected vitamins in human milk.
Materials and methods
Milk samples. Milk was obtained from healthy mothers who were not receiving any medication or vitamin supplements. Their infants had been born at term and breast fed for one to eight months.
Morning specimens were obtained using a hand suction pump (KanesonR, Yanase Waitch, Osaka, Japan) and stored in polypropylene bottles (120 ml AxifeedR, Mecomfa, Lisse, The Netherlands), wrapped in aluminium foil in a domestic refrigerator (4°C) after standard instructions. All specimens were transported within four hours in iceboxes to the hospital, where they were immediately combined to make up nine different pools of 160 ml.
After thorough mixing each pool was divided into five samples and the various treatments begun.
Control sample Twenty ml from each pool were stored in two 10 ml sterile air tight containers, which were completely filled and covered in aluminium foil. The composition of these polypropylene containers was identical to that of the Axifeed bottle. All samples were stored at -20°C for three weeks until analysed. The fat soluble and B vitamin concentrations measured at this time were used as the control values for all experiments, while the vitamin C concentrations measured at this time were only used as the control value for the experiment on the influence of the composition of the storage container. As vitamin C is unstable8 the control sample for the experiments on the influence of pasteurisation, feeding pro-161 cedure, and phototherapy was handled differently: two ml from each pool were stored in a 2 ml sterile air tight container covered with aluminium foil, containing 2 mg reduced glutathione, at 4°C until vitamin C analysis within 48 hours after the milk collection.
Effect of various treatments. All samples were stored in conditions identical to those of the control samples.
Influence of the composition of the storage container Twenty ml of each pool were stored in two 10 ml sterile air tight glass containers in exactly the same conditions as described for the control sample until vitamin analysis (which included analysis for vitamin C). This allowed us to compare the influence on the vitamin content of storage in the glass with the polypropylene container.
Influence of pasteurisation Holder pasteurisation, 62-5°C for 30 minutes, was performed on samples of 50 ml of each pool in sterile air tight polypropylene bottles (Axifeed) according to the recommendations of the Department of Health and Social Security.9 Preliminary studies showed that our system warmed the milk samples to 62 5°C within eight minutes and subsequently cooled them to 20°C within five minutes. In this experiment two samples were discarded after a technical failure resulted in a prolonged heating period.
Losses during feeding The feeding procedure used for low birthweight infants was imitated. A 20 ml sample of each pool was drawn up into a 20 ml sterile polypropylene syringe (Once, Asik, Denmark) and pumped at a rate of 4 ml/hour through 180 cm of polyvinylchloride (PVC) connecting tubing (Talas, Ommen, The Netherlands) and a 100 cm 5 charriere PVC feeding tube (Unoplast, Denmark) into a sterile polypropylene container protected from light by aluminium foil. The syringe, with an eccentric nozzle, was held at an angle of 300 to prevent accumulation of fat in the syringe.
" During the infusion time of five hours the system was exposed to the normal fluorescent lighting and temperature (28°C) of our neonatal unit.
Losses during feeding and phototherapy
Using the same infusion system as described above, the milk was also exposed to phototherapy for half an hour by running 100 cm of the connecting tubing through an incubator (32°C) placed under a phototherapy unit ( 
Results
The composition of the storage container (Table 1) group (11)) 1()1 (14) 11)1 (8) E 106 (13) 1()() (13) only affected the vitamin C concentration, which was 29% lower in the milk in the polypropylene containers compared with the milk in the glass containers. The fall in the vitamin C concentration was not significant (p=0-02). Pasteurisation (Table 2) did not influence the concentrations of vitamins A, D, E, B2, and B12.
There were, however, significant losses of vitamins B6 (15%), C (36%), and folacin (31%). Delivery of the milk through a feeding system (Table 2 ) lowered the vitamin C and vitamin B6 concentrations by 44% and 19%, respectively. Additional exposure of the milk in the tubing to phototherapy (Table 2 ) resulted in a similar fall in the vitamin B6 concentration (17%) and a slightly greater fall in the vitamin C concentration (53%).
Discussion
Our study shows that the composition of the storage container, pasteurisation, and conditions during tube feeding can lower the vitamin content of human milk. Plastic containers are preferred for storing fresh human milk because leucocytes are lost by adherence to the wall of glass containers.'9 Plastic containers, however, may adsorb vitamins onto their walls. In parenteral solutions vitamins A, D, and E are lost by adsorption to plastic. 9 We found that the concentrations of the vitamins A, D, E, B2, B6, B13, and folacin were the same when the milk was stored by polypropylene containers compared with storage in glass containers. The lower vitamin C concentration in the polypropylene container was not regarded as significant in our study because of the multiple statistical comparisons performed. These findings are, however, being followed up.
In addition to the influence that the composition of the containers has on the vitamin concentrations of human milk, the duration and the temperature of storage may influence the vitamin concentrations too. This is well known for vitamin C7 2)) and was taken into account in our study. Recently, however, Bank et al have shown that folacin concentrations may also fall in stored human milk,21 although this was not found in a previous study.2' Concentrations of other vitamins may also be unstable in human milk. We intended to study the vitamin content of our samples after three months' storage, but unfortunately lost all these samples due to refrigeration failure.
Holder pasteurisation is used by many milkbanks. Although its influence on the immunological components22 and macronutrients has been studied, its influence, however, on vitamin concentrations has received little attention. We observed a significant decrease in vitamin B6 concentrations, while vitamin A, D, E, B2, and B12 concentrations remained stable, similar to the findings in cows' milk.2 The observed decrease of vitamin Be6 may, however, have been the result of hydrolysis to its non-phosphorylated forms pyridoxal. The decrease of the vitamins C (36%0) and folacin (31%) was greater than has been reported for cows' milk (20% and 10%, respectively).2 Other methods of heat treatment using a shorter time3 or a lower temperature23 might be preferable. Goldblum photo-oxidation.6 The discrepancies between these findings and ours need an explanation. In the parenteral solutions studied no fat or proteins were present and in human milk binding of vitamins A, D, and E to these substances may limit adsorptive losses. The higher fat content of the expressed human milk used in our study may also have limited the penetration of light into the milk and prevented the vitamin A and B2 losses due to photo-oxidation found by Bates et al in their study using drip milk,6 which has a lower fat content. Furthermore, in the study of Bates et al the exposure time to phototherapy was much longer than in our study (six hours as against half an hour). Vitamins B6 and C had not been studied previously in human milk, but studies in parenteral feeding4 and cows' milk have shown that these vitamins are particularly sensitive to photo-oxidation. In our study we tried to imitate two feeding methods often used for low birthweight infants. Further studies are needed to investigate which of the factors present in these situations-for example, exposure time, intensity and wavelength of light, or environmental temperature-are the most important. It is also important to realise that photo-oxidative losses during collection of milk by the mother or preparation of feeds in the neonatal unit could also occur.
In conclusion, we found a significant decrease of several vitamins in human milk during storage (vitamin C), pasteurisation (vitamins B6, folacin, and C), and delivery through a tubing system (vitamins B6 and C). These losses could accumulate as in routine use the milk passes through all these stages.
The low birthweight infant is born with marginal reserves of fat soluble vitamins and may require more water soluble vitamins.' It seems that routinely used methods for processing and feeding human milk to low birthweight babies do not influence the concentration of fat soluble vitamins but do lower the concentration of water soluble vitamins. Supplementation with water soluble vitamins may be necessary when the low birthweight infant is fed with expressed human milk. 
